Attention is a cognitive and psychobiological variable that lacks objective measures in natural contexts of formal learning. However, it can be objectively measured from the heart autonomic activity. In the present study, the validity and reliability of a system for recording heart rate variability are demonstrated. Twelve prototypes were created and paired with standard electrocardiogram. Long segments with cardiac pulse recordings were used within ten minutes. A highly significant correlation index (p < 0.01) and a significantly high Cronbach's alpha were obtained. In the variance analysis, all data analyzed presented a value of p < 0.05. It is concluded that there is no significant variation between paired systems; therefore, the attention detection system based on heart rate variability is valid and reliable.
system [5] . This is why the HRV study allows us to observe the fluctuating predominance of the SNS and PNS, which makes it possible to measure the Attention objectively. In this way, the association of the communication pathways between the heart and the brain is responsible for the generation of Heart Rate Variability (HRV).
Therefore, the fundamental premise of the present study is deduced, which consists in the idea that the care has a physiological substrate, regulated by the activity of the ANS (SNS and PNS) to the extent that the SNS has as a function the acceleration of the responses of the organism and the preparation for action (stress) and therefore increases the levels of cognitive attention, and thus, the HR increases [8] [9] [10] . On the other hand, the predominance of PNS causes a resting body state in the body, reducing the level of stress [6] . Therefore, attention, in addition to being a central and fundamental aspect of cognition [11] , is related to the models of neuronal integration and learning regulated by attention [12] [13] . There is already evidence that the ANS plays a fundamental role in implicit learning [14] , in cognition, emotion and mainly in attention [15] .
Also, the electrophysiology in the study of the HRV, has been experiencing a growing and rapid expansion with increasing complexity and the number of techniques performed [16] that together with the scientific evidence set forth above, it is found that HRV is emerging as a simple non-invasive measure, or quantitative marker, of autonomic activity [16] , which can also be used as an objective measure for the study of autonomic processes related to cognitive processes [17] [18] [19] [20] (Luque-Casado, Perales, Cárdenas & Sanabria, 2016) ( Figure 1 ).
Flexible electronic devices are emerging as powerful tools to measure biological signals, such as HR or a person's blood pressure [21] . The basic research based on objective psychobiological records provides foundations for future flexible technologies [22] , but these advances can only be transformed into concrete products if technological innovation advances from the laboratory, even more so when they are systems designed to be applied in life research and pedagogical or formative activity.
In this perspective, various techniques have been developed for the calculation of HR using the R wave. Some of them employ demanding procedures such as [24] . They also use programmable digital devices, advanced machines type RISC (Reduced Instruction Set Computer), which is a 32-bit RISC architecture developed by ARM Holding, becoming a dominant alternative in the mobile electronics market [25] . We can also mention the Olimexino STM32,
which is an open source development card, Arduino type, with STM32F103RBT6 microcontroller, with DC-DC power supply from 9 to 30 V, low consumption voltage regulators and with Micro SD-card system for data storage [25] . There is also a history of reliable use of systems such as the Shiel EKG-EMG, Arduino DUE, or the Arduino Ethernet Shield, etc. [25] .
In a study developed by Weippert et al. [26] three mobile devices were compared to measure the RR intervals and HR. The devices were the Polar S810i, Suunto t6 and an ambulatory EKG system. The participants were subjected to simultaneous recordings of the RR interval with the three instruments during rest in the supine and sitting position, moderate dynamics and moderate to vigorous static exercise of the upper and lower limb. For each subject, 17 series of RR intervals with 3-minute recordings were extracted and then analyzed in the frequency domain using the Fast Fourier Transform (FFT). To compare the reliability of the data (measurement matching criteria), the researchers determined the intraclass correlation coefficients (ICC) and the Bland-Altman agreement limits method (LoA). The results showed agreement between all the devices. Also, Urbano [25] carried out a study whose objective was to design an algorithm for the quantification of the average heart rate, from the detection of the R wave, oriented to its implementation in programmable digital devices of the As far as we know, there are no technological development studies for the registration of the HRV with a simple device, easy to program, agile to assemble and robust enough to be used in scientific research and in pedagogical activity, low cost and free use.
Therefore, the objective of this study was to design and validate an accessible, low-cost, flexible and easy-to-use tool for researchers and students, with the same performance of sophisticated controls and more complex tools, which can be used to the development of the investigation of records of the HRV, or to be connected to a central computer based on the online pedagogical activity.
Method

Attention Detection System Based on the Variability of Heart Rate (ADS-VHR1)
The study is design and validation of ADS-VHR1. The measurement of observation is the registered cardiac pulses. With twelve (12) systems paired with a Standard Electrocardiogram (EKG-P). The sample was defined a posteriori, that is: It was identified after the cardiac pulse records. The participating subjects were: Three volunteers, men, who enjoyed good health, and before or during the test, did not take any substance that altered their physiology.
The ADS-VHR1 is based on Arduino Technology. This technology is a plat- computer that can be programmed to process inputs and outputs between the device and the external components that connect to it [28] .
The ADS-VHR1 prototype was designed with software running on a common computer for later use, powered by a 9-volt battery (see code in Appendix). System components were purchased from authorized suppliers, and then assembled 3) Micro SD Memory Card Module: It is a device that uses the recorded information, in text format, on a standard micro SD card as storage. It allows to store the information during a variable registration time and then be processed in the computer. 4) Heart Rate Sensor: It is an amplified optical sensor that makes the reading of the heartbeat. The Arduino microcontroller processes it, by means of the code that converts the registered signal into numbers, which correspond to the distance in milliseconds of each heart pulse or RR interval, and then that data is sent through cables connected to the Protoboard, which in turn, it sends the information to the Micro SD Card Module and stored there, to be later downloaded to a conventional PC and the data processed.
5) 9
Volt Battery (9 V): It is the power source or power supply of the ADS-VHR1, when it is not connected to the computer.
The ADS-VHR1 is programmed with free software that does not need to be online, is used in a portable way and the information is removable to be processed in a conventional computer, using other free software that also does not need to be connected to the web (Figure 2 ).
Design of the ADS-VHR1
Initially, three ADS-VHR1 prototypes were built, which were subjected to pre-pilot tests, which allowed to adjust the Arduino's processing code, Heart
Rate sensors, the power supply system and the storage capacity. After this phase, the rest of the prototypes were assembled, which were also subjected to a previous Pilot to verify that the components were adequate and suitable for definitive use. On the other hand, the cardiac pulse registers recorded by the ADS-VHR1, were stored in the SD memory card of this system, were exported for the Excel 2007 version on a local computer for later analysis.
In the validation analysis, the long segments of the recordings of the cardiac pulse values (RR intervals) in ten (10) minute time were used, also extracting for each system a random sample of the number of RR Intervals to be able to compare the system data objectively. Twelve (12) paired records were made, corresponding to twelve (12) ADS-VHR1 (Figure 3 ).
Information Processing
The data is described by descriptive statistics (central tendency, dispersion and Table 1 presents the descriptive statistics and the standard deviation of the data obtained from the paired EKG-P and ADS-VHR1 Systems.
Results
The criteria to determine Normality were the following: The data recorded by the standard EKG (EKG-P) and the ADS-VHR1 1-10 had a NO Normal distribution. While the data recorded for the EKG-P and ADS-VHR1 11-12 followed a Normal distribution (Table 1 ).
In the cross-correlation (bivariate), it was verified that there is a highly significant correlation index (p < 0.01) ( Table 2 ). In addition, the correlation was plotted using a scatter plot to observe the correspondence between the systems, calculating the estimated vector distance-R2 ( Figure 4 ).
As an exploratory analysis, cross-correlation (paired), intraclass correlation was calculated and Cronbach's Alpha (α) was verified; an α = 0.61 was found for ADS-VHR1-5, whose α is considered weak ( Table 2 ), which means low reliability (61%).
Subsequently, a confirmatory analysis was carried out, beyond the data offered by the Cronbach Alpha, by means of an Analysis of the Variance for all the data, resulting in the validity of all the systems, including the ADS-VHR1-5. The hypotheses were established as follows: Ho = There is significant VARIANCE between the Paired Systems. H1 = There is no significant VARIANCE between the Paired Systems.
If P Value < α, Ho is rejected (H1 is accepted). If P Value > α, H1 is rejected (Ho is accepted). The value of α = 0.05 (5% error and 95% confidence) was determined.
In this way, all the analyzed data had a value of p < 0.05. It is concluded that there is no significant variance between the systems (see Table 2 ). These results suggest, on the one hand, a very good agreement between ADS-VHR1 and EKG-P. Therefore, it can be affirmed that there are no relevant biases for the measurements of the RR intervals by the ADS-VHR1.
However, referring to the reliability data offered by intraclass correlations and
Cronbach's Alpha value, we notice a 38% difference between extreme values of Cronbach's Alpha (see Table 2 ), which somehow indicates that the ADS-VHR1
has a certain variability that the researcher must take into account when using. 
Conclusions
The programmable digital device based on the Arduino platform, has sufficient reliability, as found in previous research [25] , however it is necessary to take into account that this variability found between the various measures performed with the ADS-VHR1 and the EKG-P, it can be due to a possible instability in its components, for example in cardiac pulse sensors, in the storage system in micro SD cards or, mainly, in the feeding system by means of 9 v batteries, since it is necessary to have noted that the EKG-P system works with electric current and therefore provides greater stability in its operation. Thus, in regard to the sensors of the cardiac pulses, for example, we discover that it presents inconveniences in what seems to be the capture of the cardiac pulses in people with dark skin. In the same way, the storage card in the micro SD memory, presents conflicts and did not allow to tax the information when the SD-card memory exceeded the 8G storage capacity. Therefore, the ADS-VHR1 must be periodically reviewed to verify its components and change them when necessary; being this condition, at the same time, an advantage, since being low cost, allows the replacement of its parts in an easy and affordable way [27] [28] [29] [30] .
Despite these limitations of ADS-VHR1, there was no systematic bias in its operation. On the other hand, the individual data recorded by each ADS-VHR1 paired with the EKG-P, suggest that the agreement between the devices may also depend on the different positions of the electrodes of the EKG-P and the heart rate sensors of the ADS-VHR1, and therefore, the effects on the time of detection of cardiac pulses in fractions of thousandths of seconds. However, all the differences in the records were within accepted limits to conclude their validity.
It was shown that Arduino technology, free and open base, is a powerful tool for research activity, at low cost and easily accessible to teachers and new researchers who do not have proficient knowledge in the area of programming.
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